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The  Soil  Conservation  Service  National  Engineering  Handbook  is 
intended  primarily  for  Soil  Conservation  Service  engineers. 
Engineers  working  in  related  fields  will  find  much  of  its  in- 
formation useful  to  them  also. 

The  handbook  is  being  published  in  sections,  each  section  dealing 
with  one  of  the  many  phases  of  engineering  included  in  the  soil 
and  water  conservation  program.  For  easy  handling,  some  of  the 
sections  are  being  published  by  chapters.  Publishing  of  either 
sections  or  chapters  will  not  necessarily  be  in  numerical  order. 

As  sections  or  chapters  sire  published,  they  will  be  offered  for 
sale  by  the  Superintendent  of  Documents,  Government  Printing 
Office,  Washington  25,  D.  C.,  at  the  price  shown  in  the  parti- 
cular handbook. 

Land  Leveling — Chapter  12,  Section  15  (Irrigation) — describes 
Soil  Conservation  Service  procedures  for  surveying,  designing, 
and  installing  land-leveling  jobs  to  fit  different  soils, 
topography,  and  farming  methods. 

Table  12-3  in  this  printing  is  a slight  revision  and  expansion 
of  the  one  in  the  March  1959  printing.  It  follows  page  12-30 
and  in  this  printing  is  unnumbered. 
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SCS  NATIONAL  ENGINEERING  HANDBOOK 
SECTION  15 

to  ed&  zo  m a f iso 

IRRIGATION 

^uboolt.  si  * ®hod$m  itoJ  i.*yd  .-u.  Its  to  ; ; :.i%z!%Zmirz 

CHAPTER  12— LAND  LEVELING  v'Io  : 


General 

' ■ ■’ 

Description# 

Land  leveling  or  land  grading  for  irrigation  is  modifying  the  surface 
relief  of  a field  to  a planned  grade  to  provide  a more  suitable  surface 
for  efficiently  applying  irrigation  water. 

- ' '•  ■ ; 1 U 

Normally  land  leveling  requires  moving  a lot  of  earth  over  several 
hundred  feet.  This  should  not  be  confused  with  land  planing,  land 
smoothing,  or  land  floating.  They  are  usually  accomplished  with 
special  equipment  to  eliminate  minor  irregularities,  and  they  do  not 
change  the  general  topography  of  the  land  surface. 


Rough  grading  is  removing  knolls,  mounds^  or  ridges  and  filling  pockets 
or  swales  in  a field  that  is  not  to  have  a planned  grade.  Often  no 
construction  stake#  are  set  and  reliance  is  placed  on  the  neyen  of  the 
equipment  operator  to  obtain  the  desired  field  surface.  Rough 
grading  is  seldom  adequate  for  lands  to  be  surface  irrigated. 


Criteria  for  Land  Leveling. 

Criteria  for  land  leveling  will  be  influenced  by  the  soil,  slope, 
climate,  crops  to  be  grown,  methods  of  irrigation,  and  the  desires  of 
the  farmer.-;  'i'dleslmteq  asslo  evl^ojbttfeea  ^aael  edT  .eXdmnJtsido  ^XJDsois' 
. - i . , > ■ b s i ' 

Land  leveling  should  never  be  planned  without  knowing  the  soil-profile 
conditions  and  the  maximum  cut  that  can  be  made  without  seriously 
affecting  agricultural  production.  Shallow  soils  that  require  strict 
limitations  on  permissible  depth  of  excavation  do  not  permit  much 
freedom  to  the  designer.  They  pose  a difficult  problem  when  combined 
with  undulating  topography  or  steep  slopes. 
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The  climate  of  an  area  often  places  certain  limits  on  slope  to  prevent 
erosion  from  rainfall  or  to  provide  adequate  drainage.  Also  crops  to 
be  grown  need  to  be  known  since  they  will  affect  the  irrigation  methods 
selected  and  will  provide  an  idea  as  to  the  amount  of  leveling  needed. 
Intensively  cultivated  crops  such  as  vegetables  may  justify  a high 
leveling,  cos 
may  warrant 
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Each  method  of  irrigation  has  limitations*  When  several  methods  of 
irrigation  are  to  be  used  on  the  same  field*  the  requirements  of  the 
most  restrictive  must  be  met*  The  level  border  method  is  the  most 
restrictive  of  all  irrigation  methods*  In  general,  flooding  methods 
have  the  strictest  cross-slope  requirements* 

The  desires  of  the  farmer  must  also  be  known  in  selecting  the  design 
standards  for  a specific  job*  Minimum  conservation-irrigation  standards 
must  be  met*  Oftentimes  the  farmer  desires  to  have  a still  better  job 
that  will  save  on  labor  and  permit  better  farming  practices*  The 
engineer  should  attempt  to  design  the  best  job  the  farmer  is  willing  to 
accept  and  pay  for*  Usually  the  standards  of  the  farmers  go  up  from 
year  to  year,  and  a job  that  is  perfectly  satisfactory  today  may  be 
considered  substandard  tomorrow*  Many  fields  have  been  leveled  and  re- 
leveled several  times,  each  time  to  a higher  standard*  Obviously  the 
number  of  times  a field  is  leveled  should  be  held  to  a minimum*  There- 
fore, it  is  desirable  to  design  as  refined  a job  as  the  soil  and  farmer 
will  permit* 

It  is  generally  accepted  that  the  most  desirable  field  surface  for 
agricultural  production  is  a plane  surface  on  a nearly  level  grade*  Like- 
wise, the  least  desirable  is  one  with  such  surface  relief  that  irrigation 
can  barely  be  accomplished  and  that  unusually  good  management  is  required 
to  obtain  even  fair  irrigation  water  efficiencies. 

Table  12-1  is  a classification  of  surface  relief  as  it  affects  irrigation* 
In  some  ar»»s  Class  mignc  De  tne  only  one  to  consider,  whereas  in 
others  with  shallow  soils  and  steep  slopes.  Class  E may  be  the  best 
physically  obtainable*  The  least  restrictive  class  permissible  may  be 
established  at  a State  level  based  on  climate  and  other  conditions* 

Class  C is  the  lowest  usually  considered  satisfactory  for  conserva- 
tion Irrigation  by  surface  methods*  When  it  is  impossible,  however, 
to  bring  the  surface  to  this  standard,  special  justification  should 
be  present  before  surface  methods  are  recommended*  Usually  sprinkler 
methods  are  best  for  these  sites* 

Preparatory  Stepff. 

Land  leveling  is  usually  accomplished  on  a field  by  field  basis*  It  is 
extremely  important,  therefore,  to  study  the  entire  farm  before  attempting 
any  leveling* 

Land  leveling  is  probably  the  most  intensive  practice  that  is  applied  to 
agricultural  lands,  and  much  expense  can  be  saved  by  carefully  dividing 
the  farm  into  areas  that  have  about  the  same  slope  and  soil  characteristics* 
These  areas  will  provide  a basis  for  selecting  the  proper  field  arrangement. 


Table  12-1®— Relief  classes  for  surface  irrigated  land 
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A topographic  survey  is  always  helpful  and  is  ^usually  necessary  in 
planning  a farm  irrigation  system.  Such  surveys  may  vary  from  a few 
scattered  shots  to  a precise  grid-type  survey.  Any  of  the  conven- 
tional methods  of  making  this  survey  are  satisfactory,  but  it  is  \ 
important  to  locate  and  map  benchmarks  and  points  of  known  horizon- 
tal position  in  order  to  reestablish  both  vertical  and! horizontal- 
control  on  the  ground.  : ' J J 


X a 


Prior  to  leveling  design,  the  farm  irrigation  system  must  fbe  planned 
so  that  the  location  of  field  boundaries,;  irrigation  water-supply 
system,  drains,  and  field  roads  are  known,  s The  leveling  plan  for 
an  individual  field  must  provide  jfor  furnishing  borrow  to  or  for 
absorbing  waste  from  these  adjacent  features.  It  must  also  provide 
for  the  proper  ratio  between  excavation  and  embankment*  i 


Before  leveling,  the  field  should  be  cleared  of  trash  and  vegetative 
material.  In  desert  areas,  sage  and  brush  Should  be  cleared,  raked, 
and  burned,  j On  cultivated  lands,  mowing  and  raking  or  burning  will 
usually  suffice*  Crop  ridges  should  be  eliminated  by  disking  or 
smoothing.  The  grass  on  sod  lands  should  be  mowed;  and  faked,  but 
the  vegetation  should  not  be  plowed  under  immediately  prior  to 
leveling.  Any  operation  that  leaves  the  surface  in  a loosened 
condition  makes  it  difficult  to  grade  to  anexactlelevation.  f 

5 j ( ) _ j i ! a s ! 

%.  | Surveys  | > j | 5 J j 

I . ji*  i j & j “ ! j | f,  i *5  a j 

Planning  Surveys.  jf  j | U j -s  | | 

A topographic  survey  often  is  needed  to  provide  a basis  for  planning 
the  farm  irrigation  system.  For  the  layout  of  contour  benches,  a 
survey  showing  considerable  detail  is  essential.  A topographic 
survey  may  be  made  by  any  of  the  conventional  methods;  plane  table, 
transit  survey,  field  cross  section,  or  if  construction  is  to  be 
done  immediately,  the  grid  system  which  will  be  utilized  for  j % 
construction  can  be  used.  T: 

3 S i ; - j ~ : i * 

] ^ l ' i f bv  o 

Design  and  Construction  Surveys.  __J  

The  proper  field  arrangement  and  the  farm  water  distribution  and 
drainage  system  must  be  planned  before  the  field  leveling  can; be 
designed*  An  entire  field  should  be  designed  andleveled  as  a 
unit.  - | :f  tl 
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The  area  should  be  first  cleared  of  vegetation  and  the  surface 
prepared  for  conatructlbn.  A grid system  is  usually  used to  parovide 
both  horizontal  and  vertical  control  and  each  grid  point  is  staked. 
Half  or  full  lath  are  commonly  used  for  staking.  Double  right-angle 
prisms  are  often  useful  in  staking  the  grid.  The  stakes  remain  in 
the  field  and  after  the  leveling  job  has  been  designed,  are  marked 
to  serve  for  construction  stakes.  Since  they  cannot  remain  in  £ 
cultivated  field  for  long,  the  staking  and  design  is  usually  done 
immediately  prior  to  construction. 
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The  usual  grid  spacing  is  100  feet  in  each  direction,  but  other 
spacings  as  50  x 50,  66  x 66,  50  x 100,  75  x 100,  etc.,  are  sometimes 
found  useful.  Inexperienced  earthmoving  operators  often  have  diffi- 
culty in  carrying  elevation  100  feet  between  stakes  and  sometimes 
request  a closer  spacing.  However,  a 50  x 50  grid  requires  four 
times  as  many  stakes  to  set,  shoot,  plot,  compute  and  mark  as  a 
100  x 100-foot-grid,  and  so  the  wider  spacing  should  be  used  where 
possible. 

Many  times  ridges  or  swales  will  be  found  which  fall  between  grid 
corners.  When  this  occurs,  additional  stakes  should  be  set  on  the 
highs  or  lows.  These  stakes  are  located  in  the  grid  with  markings 
as  (E+72)  (7+00)  and  so  are  often  referred  to  as  ”plus  stakes”. 


After  all  points  have  been  staked,  levels  are  run  to  determine  the 
ground  elevation  of  each.  Normally,  ground  elevations  are  determined 
to  the  nearest  tenth  foot,  but  may  be  taken  to  the  nearest  0.05  foot 
in  level  areas  or  where  other  conditions  make  additional  refinement 
helpful*.  Bench  marks  are  established  to  the  nearest  hundredth  foot 
and  they  also  are  often  used  as  points  of  horizontal  control.  The 
location  and  the  elevation  of  the  water  source  is  determined  and  any 
structures  that  might  affect  the  drainage  system  are  located  and  the 
controlling  elevations  determined.  Any  existing  pipelines,  drains, 
power  lines,  structures,  roads  or  other  important  physical  features 
are  similarly  located  and  tied  into  the  grid. 


Figure  12*1  shows  a grid  survey  for  leveling  a 40-acre  field  using 
a 100  x 100- foot  spacing.  For  convenience  in  identification,  each 
east-west  line  of  stakes  was  lettered  and  each  north-south  line  was 
numbered.  There  are  many  methods  of  establishing  a grid  system  on 
a field  but  in  this  case,  Line  7 was  first  established  at  right  angles 
to  the  south  edge  of  the  field  and  point  A- 7 placed  one-half  grid 
interval  (50  feet)  north  of  the  fence  line.  Lines  F and  G were  then 
established  at  right  angles  to  Line  7 and  their  points  chained  and 
staked.  Line  8 was  then  measured  and  staked  parallel  to  Line  7. 

The  adjacent  Lines  7 and  8 were  arbitrarily  selected  since  they  are 
near  the  center  of  the  field. 


At  this  stage,  there  were  two  rows  of  stakes  in  both  directions 
across  the  field.  Since  the  work  was  carefully  done,  the  remaining 
stakes  were  placed  by  eye  with  sufficient  accuracy.  Thus,  E-6  was 
placed  in  line  with  F-6  and  G-6  and  E-7  and  E-8;  E-5  with  F-5  and 

G-5  and  E-6,  E-7  and  E-8:  etc. 
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s were  then  determined  and  plotted  as  shown 
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Figure  12-1. — Grid  map  for  land  leveling. 
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Land-Leveling  Design  Methods 


General. 

There  are  four  basic  methods  and  a great  many  variations  of  each 
method  of  land-leveling  design  in  common  use.  These  basic  methods 
are: 

1.  The  plane  method. 

2.  The  profile  method. 

3.  The  plan-inspection  method. 

4.  The  contour-adjustment  method. 

Each  of  these  has  some  advantages  and  disadvantages,  but  when 
intelligently  used,  all  will  provide  satisfactory  results. 

The  Plane  Method. 

The  plane  method  is  so  called  because  the  resulting  land  surface  has 
a uniform  downfield  slope  and  a uniform  cross  slope.  Thus,  a true 
plane  surface  results.  It  is  a very  useful  method  for  developing 
Class  A^,  Ag,  and  surface  relief  and  is  widely  used. 

The  centroid  of  the  area  is  first  found,  and  a plane  is  passed 
through  that  point  at  an  elevation  equal  to  the  average  elevation  of 
the  field.  When  this  is  done,  regardless  of  the  slope  of  the  plane, 
the  volume  of  excavation  equals  the  volume  of  fill.  Since,  as  will 
be  discussed  later,  more  excavation  than  fill  is  necessary,  the  plane 
is  lowered  sufficiently  to  provide  a proper  balance. 

The  procedure  for  the  design  of  land  leveling  by  the  plane  method 
follows : 

Subdivide  the  field  into  subareas.— The  topography  of  many  fields 
is  such  that  they  cannot  be  economically  leveled  to  a single  plane. 
Here,  divide  the  field  into  parts,  each  of  which  can  be  developed 
to  a plane  surface.  In  making  these  subdivisions,  keep  in  mind  that 
the  quality  of  the  leveling  job  may  be  inadequate  if  the  subareas  do 
not  match  with  the  proposed  ditch  or  water-supply  locations.  A 
study  of  the  irrigation  plan,  the  topographic  map,  and  down-field 
profiles  will  assist  the  engineer  in  properly  locating  the  sub- 
division boundaries. 

Figure  12-2  is  an  example  of  a field  that  has  been  broken  into  three 
subareas  for  leveling.  Here,  the  profiles  and  topographic  map  were 
both  used  as  a guide.  Each  subarea  is  then  considered  as  a separate 
field  except  that  the  common  boundaries  of  the  subareas  are  integrated 
into  the  design  of  the  adjacent  subarea. 
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Figure  12-2  ..—Field  subdivision  for  leveling* 
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Locate  the  centroid. — The  centroid  of  a rectangular  field  is  located 
at  the  intersection  of  its  diagonals.  The  centroid  of  a triangular 
field  is  located  at  the  intersection  of  lines  drawn  from  its  corners 
to  the  midpoints  of  the  opposite  sides. 

Irregular  fields  may  be  divided  into  triangles  and  rectangles  or 
into  rectangles  alone,  and  the  distance  to  the  centroid  of  the  field 
from  any  line  of  reference  is  equal  to  the  sum  of  the  products 
obtained  by  multiplying  the  area  of  each  part  times  the  distance 
from  the  line  of  reference  to  its  centroid,  divided  by  the  area  of 
the  entire  field.  By  computing  the  distance  to  the  centroid  from 
two  lines  of  reference  at  right  angles  to  each  other,  the  exact 
point  of  the  centroid  can  be  determined. 

The  centroid  can  also  be  located  with  sufficient  accuracy  by  assuming 
that  each  stake  (ignoring  "plus  stakes")  in  the  field  represents  the 
same  area.  Figure  12-*3  shows  how  the  centroid  can  be  located  in  this 
manner. 

i / 0 0 a j _ 

— j"— ; T8  — 8 • Y 8 0 ■ 8 8 — * 8 - v 8 c»  • 88-j  U £ S 3 £ 

Assuming  a line  of  reference  100  feet  south  of  line  A,  the  number  of 

stakes  in  each  line  multiplied  by  the  distance  (in  stations)  from 
the  reference  line  is: 

^ # ; 0 3 * 0 “ Q * ^ IT--.-*  ^ • 0 ■ll  - 0 • 0 0 . — H Q ‘j  "j  *■*  | • J 


No*  of 


Line 

Distance 

stakes 

Product 

E 

5 stations 

5 

25 

D 

4 

6 

24 

C 

3 

R -JZ^.pR  _ 

21 

B 

2 

7 

14 

A 

~J 

7 

3 & i 

Total 

32 

91 

The  distance  of  the  centroid  from  the  reference  line  is  then  found 
by  dividing  the  sum  of  the  products  by  the  total  number  of  stakes 
or 

s i is  as  os  ai  01  e tougoes 

-9i-  = 2.34  stations  or  284  feet 


The  centroid  is,  therefore,  284  feet  from  the  reference  line,  or  84 
feet  north  of  line  B. 

Another  line  of  reference  was  assumed  to  be  100  feet  west  of  line  1 
and  the  location  of  the  centroid  in  an  east-west  direction  computed 
the  same  way.  With  the  two  dimensions,  the  point  was  located  at 
(B+34)  and  (3+75). 
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Figure  12-3*— Location  of  the  centroid  of  a field* 
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If  the  field  is  nearly  rectangular,  such  as  shown  on  figure  12^ , 
the  centroid  is  located  at  the  intersection  of  the  diagonals  or 
at  coordinate  (G+00)  (7+50). 

Determine  the  average  elevation  of  the  field*— Obtain  the  average 
elevation  of  the  field  by  adding  the  elevations  at  all  the  grid 
corners  in  the  field  and  dividing  the  sum  by  the  number  of  points. 
Thus,  for  figure  12-3  the  total  of  the  32  elevations  on  the  grid 
corners  is  2,827.7.  The  average  elevation  is 

2827.7  = 88.37 
32 

Any  plane  passing  through  the  centroid  at  this  elevation  will 
produce  equal  volumes  of  cut  and  fill.  Similarly,  in  the  example 
on  figure  12-4  the  sum  of  the  elevations  of  the  182  grid  points 
on  the  field  is  18,271.3  so  the  average  elevation  is 

18.271.3  = 100.39 
182 

Compute  the  slope  of  the  plane  of  best  fit. — Omit  this  computation 
if  it  is  obvious  from  the  topography  that  the  plane  of  best  fit 
will  not  meet  leveling  criteria. 

With  grid  points  at  100-foot  centers,  it  can  be  shown  that  the  slope 
of  the  plane  of  best  fit  on  a rectangular  area  is  expressed  by  the 
following 
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x 

H 
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distance  in  a 

to  c ' -"o  -i  ! *-~ 

r • ^ : - | ^ ^ 

tations  from 
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the 

y axis  • 
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*-  ! 
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H = sum  of  the  elevations  in  an  x direction  along  a grid  line. 

X . j 

. 

JL__  H .=  sum  of  the  elevations  in  a y direction  along  a grid  line. 

y 


= slope  of  the  plane  in  the  x direction. 


Ll. 


My  = slope  of  the  plane  in  the  y direction. 
A = constants  taken  from  table  12-2. 


H h- 


B * constants  taken  from  table  12-2. 


If  grid  points  are  at  other  than  100-foot  centers*  the  slopes  M -and 
M as  determined  by  the  preceding  formula  must  be  corrected  as  x follows: 
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of  this  calculation  is  shown  in  figure  12-4. 
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1.  The  sums  of  the  elevations  on  each  line  were  computed  thus 

on  the  N line,  ? § : 1 1 g. 

= 104.5  +104.3  ♦ 104.1  ♦ 104.2  ♦ 104.7 
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= 104.7  + 103.9 

♦ 103.3 

102.6  + 

101. 

9 

pi 


f ?■  + 98.0  ♦ 97.1  + 96.0  = 1,307.0  ? 

2.  The  value  of  H was  computed  by  adding  all  the  values  of 
H^.  This  sum  was  18,271.3.  As  a check,  the  values  of 
were  added  and  the  same  total  obtained. 
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3.  The  location  of  the  x and  y axes  were  assumed.  In  this  i 

problem  the  x axis  was  placed  one  station  north  of  line  N 

- and  the  y axis  was  placed  one  station  west  of  line  1. 

Values  of'D  and  Dx  were  tabulated.  Since  the  N line  is 
one  station^  from  the  x axis,  the  value  of  D for  the  N 
line  is  1$  similarly,  D for  the  M is  2;  etc.  * 
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computed  and  tabulated  as  shown. 
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Table  12-2 «— Constanta  for  determination  of  plane  of  bast  fit 
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6.  The  am  of  the  products  (HxDy)  were  obtained;  this  value 

is  £ (H^Dy)  • £ (HyDx)  was  also  computed. 

7.  Values  of  A and  B were  taken  from  table  12-2.  Thus,  for 
the  slope  in  the  direction  of  the  y axis,  the  number  of 
stations  along  the  y axis  is  13,  and  this  value  was  found 
on  the  horizontal  column  at  the  top  of  the  table.  Directly 
below,  A was  found  to  be  7.0.  Since  the  number  of  stations 
along  the  x axis  is  14,  going  down  the  same  column  to  a point 
opposite  14  on  the  left  side,  the  value  of  B was  found  to 

be  2548.  Similarly,  for  the  slope  in  the  direction  of  the 
x axis,  A is  found  to  be  7.5  and  B equals  2957.5* 

8.  These  figures  are  substituted  in  the  equation,  and 

My  = -0.706  percent 
Mx  = 0.020  percent 

Note  that  My  is  negative.  That  means  that  the  elevation 
of  the  plane  reaches  a lower  elevation  as  the  distance  from 
the  x axis  increases.  Since  M^j  is  positive,  the  plane  of 
best  fit  rises  to  the  right.  It  also  should  be  noted  that 
since  the  units  of  distance  (Dx  and  D„)  were  in  stations, 
the  result  is  in  feet  per  station  or  percent  slope. 

Determine  the  elevation  of  the  plane  at  the  centroid.— Any  plane 
passing  through  the  centroid  at  the  average  elevation  as  previously 
determined  will  produce  equal  volumes  of  excavation  and  embankment. 
However,  as  explained  in  more  detail  in  Earthwork  Balance,  it  is 
necessary  to  have  a larger  volume  of  cut  than  fill  to  obtain  a balance. 
Attain  this  by  lowering  the  whole  field  a few  hundredths  of  a foot. 

This  will  increase  the  amount  of  excavation  and  reduce  the  fill  required. 

The  field  in  figure  12*4  has  an  average  elevation  of  100.39*  To 
provide  extra  excavation  the  whole  field  is  lowered  0.04  foot  or  to 
elevation  100.35  at  the  centroid. 

It  often  is  desirable  to  provide  for  borrow  from  a field  to  construct 
farm  roads  or  elevated  ditches  or  to  waste  spoil  from  a drain  on  a 
field.  In  these  instances,  the  elevation  of  the  centroid  may  be  further 
raised  or  lowered  as  computed  by  the  following  formula: 

H = ZH 
A 

where 

H = the  adjustment  necessary  in  feet  (Positive  when  earth  is 
to  be  brought  onto  the  fill  and  negative  when  earth  is 
removed) 

V = the  volume  of  borrow  or  waste  in  cubic  yards 

A = the  area  of  the  field  in  square  feet 
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wlsv  &M-t  $bea&M$do  m.m  (vGLH)  ©d$  lo  im  adT 

Had  it  been  necessary  to  borrow  600  cubic  yards  from  the  field  on 
figure  12t4,  the  following  computation  would  have  been  made: 

eldB&  sap*?!  m~£&$  &tm  0 hm  A to  eauXaV 

A = Average  length  of  field  x average  width  of  field 
= 1,373  x 1,275  = 1,750,575  square  feet. 

* aldad  oritf  to  qod  ssid"  iasaiXoo  Lsdno&lmd  edd  no 
H » 27  x 600  c o.Ol  od*  bimot  saw  A * wo  led 

1,750,575 

o#  bmrot  e&v  S to  arilav  ad#  *@Me  dial  ad#  no  AX  edlaoqqo 

a _ , d oj  , S J5s»  'is 

Average  elevation  of  field  100.39 

Less  shrinkage  -0.04 


Less  borrow 


Design  elevation  of  centroid 


. 2 . • ' ' 


-0.01 

100.34 


.8 
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Compute  the  elevation  for  each  grid  point.— With  the  elevation  of  the 
centroid  known  and  the  downfield  grade  and  cross  slope  selected,  compute 
the  elevation  of  each  grid  point. 

raol$BV@Xe  ©ritf  iad#  aosaa  .ev&tegea  a 1 &$cW 

In  figure  12-5  the  same  field  shown  in  figure  12*1  and  figure  12-4 
has  been  designed  for  leveling  to  the  plane  of  best  fit  without  either 
borrow  or  waste. 

, aaoidata  al  t?tm  IJ3.  bt.%  -fob;  sonadalb  lo  editw  eorrls 

The  following  is  known: 

(G+00)  (7+50) 


100.35 

-0.706  percent 


Location  of  centroid 
Elevation  of  centroid 
Downfield  slope 
Cross  slope  "*0.020  percent 

•Kaon &Jjjd  s nt&ddo  oa  ££11  tws$£  &&>&  lo  ssEcrlov  legrisX  & ®vb&  o&  ■^isaaeosa 

The  elevation  of  point  (G+OO)  (8"*00)  is  then 

* mils i pm.  £1X1  ed#  &a&  no .btsvaoxa  lo  ^attorns  ed#  esBeiooi  Hlw  eiriT 

100.35  + 1/2  (0.02)  = 100.36 

at  «9t*00X  l.o  ooJ&ivele  egsvava  ns  A*&C  eviigil  fll  blsll  edT 

and  the  elevation  of  all  other  grid  points  on  line  G can  be  computed 
by  adding  or  subtracting  0.02  for  each  grid  point  to  the  right  or  left 
respectively. 

bairi#s;.ixo0  o#  foXelt  a mo^'t  worried  *xol  e&Jbvczg  o#  ©Xds^iasb  si  aedlo  il 

The  elevations  of  line  H can  then  be  obtained  by  adding  0.706  foot  to 
the  proposed  elevations  on  line  G.  Similarly,  all  of  the  elevations  are 
determined.  i be'xewol  "to  feeslai: 


Compute  the  cuts  and  fills. — The  desired  cut  or  fill  can  be  computed  from 
a comparison  of  the  original  and  the  proposed  elevations.  Although  the 
proposed  elevations  are  carried  to  hundredths  of  a foot,  round  the  cuts 
or  fills  to  the  nearest  tenth  or  half  tenth. 

el;  difau&e  ®vi#J;a©cij  «is8l  oi  Yncaeaeoea  StweidBuibB  ©d#  = H 

ei:  ;••&©«  svl.iasen  forts  .11.0  add*  oirio  ftCapowf  ed.  o& 

( b&voms 

nm.  o M0O  Ail  sdaiaf  "to  wqrxoo  lo  einulov  ad#  = V' 
iea’l  ©•nsjtfpa  lit  Biel!  ed#  lo  bs^b  end-  = A 
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19.61 
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Figure  12-£*— ' The  plane  method  of  land  leveling®. 
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The  calculations  can  be  checked  by  determining  the  variation  per  stake. 
This  variation  should  be  less  than  0.005  foot  since  the  proposed  ele- 
vations were  rounded  to  the  nearest  hundredth  foot.  To  do  this,  the 
cuts  and  fills  on  the  computed  points  are  separately  summed  and  the 
difference  between  the  two  compared  with  the  product  of  the  shrinkage 
adjustment  and  the  number  of  stakes.  Thus 

Sum  of  the  cuts  = 20.6 

Sum  of  the  fills  = 14.1 

Difference  6.5 

No.  of  stakes  = 13  x 14  = 182 

Shrinkage  adjustment  = 182  x 0.04*  = 7.28 

Total  variation  = 7.28  - 6.5  = 0.78 

Variation  per  stake  = 0.78/182  = 0.0043 

Since  the  variation  per  stake  is  less  than  0.005,  it  is  probable  that 
the  calculations  are  correct.  Note  that  in  the  above  example,  the  cuts 
and  fills  are  not  weighted  for  the  area  they  represent  as  is  done  for 
the  determination  of  the  earthwork  balance.  Then  check  the  earthwork 
balance  as  described  in  the  section  on  Earthwork  Calculation  and 
make  final  adjustments  to  obtain  the  correct  cut/fill  ratio. 

The  Profile  Method. 

The  profile  method  is  so  called  because  the  designer  works  with 
profiles  of  the  grid  lines  rather  than  with  elevations  as  plotted  on 
a map.  It  is  especially  well  adapted  to  leveling  design  for  very  flat 
lands  or  land  with  undulating  topography  on  which  it  is  desired  to 
develop  a surface  relief  of  Class  B2,  C^  or  C2* 

There  are  many  variations  of  the  profile  method,  but  essentially  it 
consists  of  a trial  and  error  method  of  adjusting  grades  on  plotted 
profiles  until  the  irrigation  criteria  are  met  and  an  earthwork  balance 
is  attained.  Many  workers  find  it  relatively  easy  to  select  grades 
on  a profile  that  will  provide  balanced  cut,  and  fill  with  reasonably 
short-haul  distance  and  so  the  method  is  widely  used. 

Plot  the  profiles. — The  profiles  are  commonly  plotted  in  one  direction 
and  the  individual  profiles  so  located  on  the  paper  that  the  datum 
line  for  each  profile  is  horizontally  located  in  the  correct  position 
with  the  datum  lines  of  adjacent  profile,  figure  12.6  is  an  example 
of  the  same  field  shown  in  figure  12.1  plotted  in  this  manner.  It 
should  be  noted  that  the  distance  between  the  datum  lines  of  line  A 
and  line  B is  identical  with  the  distance  between  line  1 and  line  2 on 
the  A profile. 
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Figure  12-6.—' The  profile  method  of  land  leveling* 
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Figure  12*6  was  plotted  with  the  profiles  across  the  slope.  Some 
workers  prefer  to  plot  the  profiles  down  the  slope.  Figure  12.7  is 
the  same  field  with  a down-field  plot.  Either  method  is  satisfactory* 

It  sometimes  is  helpful  to  plot  profiles  in  both  directions,  and  it  is 
quite  common  to  plot  at  least  a few  key  profiles  in  the  opposite 
direction  from  the  regular  plot.  These  profiles  often  are  drawn  on 
the  same  sheet  directly  over  but  at  right  angles  to  Hie  principal  plot. 
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or 


Another  variation  of  plotting  is  the  "two  way  plot"  as  shown  on  figure 
12.B.  The  advantage  of  this  method  is  that  it  provides  a three- 
dimensional  picture  of  the  land  surface,  which  is  sometimes  useful  to 
those  who  are  infrequently  called,  upon  for  land-leveling  design.  In 
this  method  of  plotting,  the  datum  elevation  is  below  the  lowest  elevation 
of  the  field,  and  each  point  is  plotted  both  above  the  datum  and  to  the 
right  of  the  point  of  reference.  All  of  the  diagonals  are  45  degrees. 

The  "two  way  plot"  cannot  conveniently:  be  Used  on  fields  With 


/*  5 
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considerable  differences  in  elevation. 
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Establish  trial  gradelines. — Trial  gradelines  are  established  on  each 
profile  based  on  the  irrigation  plan  and  the  leveling  criteria • On 
figures  12*6  and  12*7  it  was  decided  to  carry  ditches  to  both  the  left 
and  right  from  the  turnout  and  to  supply  a cross  ditch  on  the  G line  by 
carrying  the  water  down  the  right  side  of  the  field.  The  water  surface 
at  the  turnout  is  El.  105.5,  and  the  field  at  that  point  should  be  at 
least  0.5  foot  lower.  Because  of  drainage  requirements,  it  was  further 
decided  that  the  A line  should  have  a slight  grade  downward  to  the  left. 
Drainage  criteria  for  the  area  should  be  consulted  to  determine  the 
maximum  and  minimum  allowable  grades  for  surface  drains. 

•TeJ  8 
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As  an  example,  in  figure  12*6,  trial  gradelines  were  first  placed  on 
the  control  lines,-:  N,  G,  and  A,  and  then  a balance  between  cut  and  fill 
was  approximated  by  eye  by  maintaining  the  proper  ratio  between  the  area 
of  cut  and  the  area  of  fill. 

_ . _i  

Trial  gradelines  were  (then  plotted  on  the  other  profiles. 5 A smooth 
transition  in  cross  slope  was  maintained  by  making  the  rate  of  change  of 
cross  slope  between  profiles  equal. 


mmmtm.'.z  jjssjfc  u 
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Examine  the  grades  between  profile s . ^-The  profiles  should  then  be 
examined  as  to  the  relative  elevations  of  one  to  another.  Do  this  by 
plotting  the  elevations  of  the  trial  gradelines  in  the  opposite  direction 
to  the  original  plot;  i.e.,  if  the  original  plot  was  cross-field,  plot 
the  elevations  from  the  trial  gradelines  down  field  or  vice  versa. 


I 
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Figure  12-7.— The  profile  aethod  of  land  leveling 
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Figure  12- 8 •— Two-way  method  of  plotting  profile*0 
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Examine  this  cross  profile  and  if  the  grade  is  not  uniform  to  a 
point  where  it  meets  the  criteria,  draw  a revised  line.  Transfer 
the  elevations  from  this  revised  line  back  to  the  original  profiles 
and  move  the  gradelines  upward  or  downward  as  required. 

Some  workers  prefer  to  adjust  the  trial  gradelines  by  inspection 
instead  of  plotting  a cross  profile.  This  is  easily  done  but 
remember  that  the  total  amount  the  trial  gradelines  are  moved  upward 
must  be  equaled  by  the  total  amount  the  other  lines  are  moved  down- 
ward. 

This  latter  procedure  was  used  on  figure  12*6.  The  difference 
in  elevations  between  adjacent  trial  gradelines  on  line  7 was  noted, 
and  adjustments  were  made  to  make  this  difference  nearly  constant. 

The  final  gradelines  as  shown  were  then  drawn. 

Regardless  of  the  method,  usually  several  trials  are  necessary  before 
a satisfactory  set  of  gradelines  are  developed. 

Compute  the  cuts  and  fills.— From  an  inspection  of  the  original  and 
proposed  profiles,  the  cut  or  fill  at  each  grid  point  can  be  determined. 

Compute  the  balance  between  cut  and  fill  using  the  summation  method 
as  described  in  Earthwork  Calculations.  If  the  balance  is  not 
satisfactory,  make  further  adjustment  to  the  profiles  until  the  proper 
balance  is  obtained. 

The  Plan— Inspection  Method. 

The  plan-inspection  method  is  one  of  the  most  widely  used  methods  for 
developing  lands  to  other  than  Class  A or  B surface  relief.  It  is 
similar  to  the  profile  method  in  that  it  is  a trial  and  error  method. 

Because  of  many  factors  which  must  be  simultaneously  considered,  it 
requires  considerable  judgment  to  produce  a satisfactory  land  surface 
without  excessive  cost,  it  is,  however,  widely  used  by  experienced 
personnel  in  those  areas  where  land  leveling  is  a major  practice. 

It  is  especially  adapted  for  use  on  rolling  lands  or  on  fields  where 
it  is  necessary  to  use  warped  surfaces. 

In  the  plan  inspection  method,  the  survey  data  are  plotted  in  the  form 
shown  in  figure  .12. 1.  Down-field  and  cross-slope  limitations  are 
determined,  and  by  trial  and  error,  proposed  elevations  are  selected 
which  will  meet  these  limitations.  In  selecting  elevations,  the 
designer  must  simultaneously  consider  down-field  slope,  cross  slope, 
earthwork  balance,  and  haul  distance. 
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Figure  12-9  is  an  example  of  the  use  of  this  method.  In  developing 

the  design  on  this  field,  the  following  limitations  were  assumed: 

. . ' s : :t6  bio  ■ iufs&ffl  ■ ■ ■ q 

X.  Maximum  cross  slope  is  0.1  foot  per  station  and  may  be 
variable. 

2,  Maximum  down-field  slope  is  1.0  foot  per  station. 

34  Down-field  slopes  may*  be  variable,  but  on  convex  slopes 
maximum  grade  may  not  exceed  twice  the  minimum  grade;  on 
concave  slopes  maximum  grades  may  not  exceed  1.5  times  the 
minimum  grade ; undulating  slopes  are  not  permissible . 

4#  The  ratio  between  cut  and  fill  shall  be  1.5  - 0.05® 
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Other  considerations  which  affected  the  design  were : 
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2. 

3® 

4. 


The  length  of  run  will  be  broken  on  the  G line  with  an 
additional  ditch. 

Because  of  existing  structures  the  supply  lateral  will  be 
on  the  west  side. 

Surface  drainage  to  the  road  culvert  is  desired  without 


reverse  How  in  the  drain. 

The  soil  will  permit  a maximum  excavation  of  1.0  foot, 

’ - . ' . . ~ m seixio 


Boacin 


In  developing  this  plan,  elevations  were  first  tentatively  selected 
for  the  N line  so  that  a ditch  could  be  run  in  both  directions  from  the 
turnout.  The  designer  also  examined  the  elevation  of  the  water  surface, 
which  was  given  on  figure  12-1  as  105.5,  to  be  sure  that  the  selected 
high  point  was  not  too  high  to  receive  service.  Usually  a n&nimum  head 
of  0.5  foot  is  required  for  irrigation  from  ditches.  Therefore  the 

elevation  of  N-7  and  N-8  could  not  exceed  105.0. 

. jaom  &iiJ  jo  mo  el  boiwem  noido eqe nl—fxe  J 

Tentative  elevations  were  then  assigned  to  the  G line  to  be  sure  that 
the  ditch  to be  located  on  that  line  would  have  the  proper  fall. 

Similarly,  elevations  were  assigned  to  the  A line  to  assure  drainage . 

31  • vi':  v - slow  8*fOw  ■ : . mom 

With  the  N,  G,  and  A lines  serving  as  contfbls,  elevations  Tor  inter- 
mediate  points  were  selected  by  inspection  keeping  the  design  criteria 
in  mind.  To  assure  an ' "earthwQrk I balance i , a"'rvu^hing  total  of  the  sum  of 
the  tenths  cut  and  tenths  fill  on  eachf line  were  Carried  on  the  fight 
side  of  the  sheet.  Lines  N,  G,  arid  A,  as  well  as  intermediate  points, 
were  adjusted  upward  or  downward  §s  necessary  to  provide  an  earthwork 
— - - m,::  J -*  - - --  also  considered  the  borrow  that  would  be  required 


balance • 


to,  build  a permanent  farm  lateral  on  the  north  end  of  the  field  and  the 

excavation  that  woyld  be  produced  by  the  drain  oh  the  south. 

-■  gcQfroale a cu  ieaoxtoffBDfJ  mem  jlLew  i ' 

_^©-€|oX’  -sboto  *sqoX  rwoi  i bisixoa  laws  . , ■_  e a 

By  trial  and  error,  adjustments  were  made  till  the  plan  on  figure  12-9 

evolved.  This  plan  satisfies  all  the  established  critehih.  The  surface 
relief  as  developed  is  Glass  C^. 
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Figure  12-9.— The  plan-inspection  method  of 

land  leveling • 
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The  Contour-Ad.lustment  Method, 

Basically,  the  contour-adjustment  method  of  land  leveling  consists  of  a 
trial  and  error  adjustment  of  the  contour  lines  on  a plan  map*  Cuts 
and  fills  are  then  determined  by  a comparison  of  the  original  and  proposed 
contours • 

The  contour-adjustment  method  is  a convenient  method  to  use  on  fields 
where  the  cross  slope  can  be  made  uniform  across  the  field*  It  is 
especially  adapted  to  those  conditions  when  the  leveling  is  accomplished 
over  a period  of  time  and  when  stakes  cannot  be  maintained  in  the  field* 

It  is  also  useful  in  leveling  lands  to  be  irrigated  by  contour  methods, 
in  leveling  between  terraces,  or  in  removing  extreme  ridges  or  swales 
from  steep  lands  which  are  being  irrigated  by  the  contour-ditch  method* 

The  contour-adjustment  method  demands  considerable  judgment  on  the  part 
of  the  designer  to  keep  earth  volumes  and  haul  to  a minimum*  Like 
the  profile  method  and  plan-inspection  method,  success  in  its  use  is 
dependent  upon  the  ability  of  the  designer  to  recognize  the  relative 
importance  of  all  the  factors  involved  and  to  select  a solution  which 
satisfies  the  criteria  and  requires  the  least  earthwork. 

A requirement  of  this  system  is  an  accurate  contour  map  of  the  area 
to  be  leveled.  This  need  not  necessarily  be  made  with  a grid-type 
survey  but  adequate  ties  and  bench  marks  must  have  been  located  so  that 
any  point  on  the  map  can  be  located  in  the  field  through  either  vertical 
or  horizontal  control. 

Figure  12-10  is  an  example  of  this  method  of  leveling.  In  this  field, 
the  following  limitations  were  assumed: 

1.  The  maximum  cross  slope  is  to  be  0.3  foot  per  station. 

2.  Down-field  slopes  are  to  be  "fairly  uniform"  as  defined 
in  table  12-1. 

3*  The  soils  are  deep  and  cuts  up  to  2.0  feet  are  permissible. 

The  field  is  to  be  irrigated  from  field  ditches. 

In  developing  this  plan,  it  was  obvious  that  the  direction  of  irrigation 
should  be  from  north  to  south.  It  was  also  apparent  that  the  use  of  the 
maximum  allowable  cross  slope  would  permit  design  with  minimum  earthwork 
quantities. 

The  location  of  the  water  supply  at  the  northeast  corner  of  the  i'ield 
requires  that  fall  be  provided  to  the  west  for  the  irrigation  ditch  along 
the  north  edge  of  the  field.  To  provide  this,  the  contour  lines  on  the 
upper  edge  of  the  field  were  run  in  a north  westerly  direction.  Like- 
wise since  it  was  not  planned  to  change  the  natural  drainage  outlet  for 
the  field,  the  contours  were  arranged  along  the  south  line  to  provide 
drainage  to  the  outlet. 
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Figure  12-10.— The  contour-adjustment  method  of  land  leveling,. 
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Trial  contours  were  then  located.  It  was  convenient  to  use  an  over- 
lay on  the  original  map  for  this  purpose.  In  locating  these  trial 
contours*  the  area  between  the  proposed  and  actual  contours  that  repre- 
sented excavation  was  made  slightly  greater  than  the  area  that  repre- 
sented fill.  A sufficient  number  of  contours  were  drawn  to  keep  then* 
less  than  100  feet  apart.  It  should  be  noted  that  on  the  example  shown 
in  figure  12-10  the  final  contours  are  straight  lines*  but  on  many  fields, 
the  finished  contours,  may  be  curves. 

Lines  of  equal  cut  or  equal -fill  were  then  drawn  through  the  inter- 
sections  of  the  proposed  and. actual  contours.  The  volumes  of  earthwork 
were  computed  by  the  horizontal-plane  method  later  described  in->the 
section  on  Earthwork  Calculations. 
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As  expected,- 

have  the  proper  ratio  between  excavation  and  fill, 
corrections  were  made,  moving  the  proposed 
obtain  additional f or  to  the  south  to  r 

the  spacing  between 
direction  only. 


the  first  trial  did  not  meet  the  established 

On  a 

Contours  to  the  north  to 
the  excavation. 
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After  several  trials,  the  plan  as  shown  on  figure  12-10  evolved.  It 
meets  the  limitations  established.  The  surface  relief  as  developed  is 
Class  ^ 

p?. / . " . "'l  F 

Since  this  design  was  accomplished  without  the  benefit  of  a grid  su? 
it  was;  necessary  to  utilize  horizontal  control  to  stake  the  field. 
Measurements  were  made  along  the  sides  of  the  field,  locating  the  position 
of  the  proposed,  contours  as  scaled  from  the  map.  The  points  of  deflection 
of  the  contour  lines  were  similarily  located  by  measuring  from  the  field 
boundaries • From  these  points,  the  proposed  contour  lines  were  staked 
at  lG^fjoot intervals.  Levels  jwere  then  run  at  these  points:  and  the  cut 
or  fill  ^computed. 

If  the  leveling  is  to  be  accomplished  in  progressive  stages , ^rmahent 
markers  can  be  established  along  field  boundaries  and  the  proposed 
contour  lines  can  be  easily  re-fstaKLished  at  any  time. 


Some  engineers  prefer  to  use  the  contour-adjustment  method  even  when  a 
grid  surVe^  i§  available  * Here , the  procedure  for  obtaining  the -proposed 
finished  surface  is  identical  with  that  described  but.  the : elevation  at ^ 
each  grid  point  is  determined  by  interpolation  between  contours.  £hc  ^ 
cut  and  fill  at  each  grid  point  is  determined  by  comparison  between  the 
original  and  proposed  elevations,  and  earthwork  volumes  are  computed  by 
any  convenient  method. 


gnllaveX  bnsl  lo  hcrfisra  dxiemisnf; bs-inodnoo  edT--*0I~Si  s'xcs.H 
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When  lands  are  sttep  and  the  surface  is  to  be  smoothed  for  irri- 
gation by  the  contour-ditch  or  contour-furrow  methods,  the  use  of  a 
grid  survey  and  the  contour-adjustment  method  is  convenient • Irregu- 
larities in  the  contours  can  be  smoothed  on  the  map  and  the  proposed 
elevations  of  the  grid  points  determined  by  interpolation  between 
contours*  The  summation  method  of  computing  earthwork  volumes  is 
commonly  used  since  higher  precision  is  seldom  warranted. 

Earthwork  Calculations 


Earthwork  Volumes* 

The  exact  method  of  computing  the  volume  of  earthwork  in  land  leveling 
makes  use  of  the  prismoidal  formula 

V = L/6  (A!  + 4 Am  + A2) 

Where 

V = Volume  in  cubic  feet. 

L = Perpendicular  distance  between  end  planes  in  feet. 

= Area  of  one  end  plane  in  square  feet. 

A2  = Area  of  other  end  plane  in  square  feet. 

Am  = Area  in  middle  section  parallel  to  end  planes  in  square 
feet. 

The  use  of  this  formula  is  laborious,  and  approximate  methods  are 
commonly  used. 


The  four-point  method.— The  four-point  method  is  based  on  the  formula 


V 


c 


i ( Hc ) and 

108  (M„  + Hf.  ) 

L2  ( Hf2  ) 

108  (Hc  + HP") 


Where  Vc  = Volume  of  cut  in  cubic  yards. 

V^»  - Volume  of  fill  in  cubic  yards. 

L = Grid  spacing  in  feet. 

Hc  = Sum  of  cuts  on  four  comers  of  a grid  square  in  feet. 
H^.  = Sum  of  fills  on  four  comers  of  a grid  square  in  feet. 
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Using  the  formula,  the  volume  of  cut  and  fill  in  each  grid  square 
can  be  ascertained  and  the  totals  for  the  field  obtained.  Table  12-3 
provides  a rapid  method  for  determining  the  excavation  and  fill  in  a 
100-foot  grid  square.  Let  us  examine  the  following  grid: 


j 


co 


2 


H 


— FO 


CO 


The  sum  of  the  cuts  are  0.4  and  the  sum  of  the  fills  are  0.3  Since  the 
square  is  100  feet  to  a side,  the  volume  of  earthwork  as  given  by 
table  12-3  is 


Excavation  21.2  cubic  yards 

Pill  11.9  cubic  yards 


The  following  methods  have  been  found  satisfactory  for  computing  the 
volumes  in  other  than  square  grids.  For  grids  with  four  comers  as 


7fo 

to 

to 

_t_C0 


.CO 


100s 


to 

co 


Area  grid  = 35  + 55  x 100  - 4,500  square  feet® 
2 


Area  in  100  x 100  grid  = 10,000  square  feet. 

From  table  12-3  for  a 100  x 100  grid. 

Cut  = 59.3  cubic  yards  and  fill  - 3.7  cubic  yards. 
For  the  reduced  grid 


Excavation  - 59*3  x 4^502  - 26.7  cubic  yards. 

10,000 

mi  = 3,7  x ifeU = 1*7  ^ y“-ds 


EARTHWORK  QUANTITIES  IN  CUBIC  YARDS  WITH  ONE  HUNDRED  FOOT  LAND  LEVELING  GRID 


# 
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Correct  use  of  the  four-point  method  requires  that  the  cut  or  fill  be 
known  at  the  outside  edges  of  the  field.  In  practice,  however,  stakes 
are  seldom  placed  in  the  fence  lines  and  usually  it  is  satisfactory  to 
assume  that  the  cut  in  the  fence  line  is  identical  with  that  of  the 
nearest  stake.  Where  abnormal  conditions  exist,  plus  stakes  should  be 
used.  For  the  grid  (0+30-1)  (H-J)  on  figure  12^5,  the  following  calcu- 
lation was  made: 

J CO.LCOjl 

(ASSUMED) 


*■30* 


H 


FO 


l-FO 


(ASSUMED) 


Area  in  grid  - 30  x 100  - 3,000  square  feet. 


From  table  12-3 


C - 9*3  cubic  yards. 

F = 9.3  cubic  yards. 

Corrected  = 3.000  x 9*3  = 2.8  cubic  yards 

10,000 

C = 2.8 
F = 2.8 


For  a triangular  area  the  sum  of  the  three  corners  can  be  taken  and  the 
values  in  the  table  reduced  to  two-thirds.  Thus, 


Sum  of  cuts  - 0.4 
Sum  of  fills  =0.2 

From  table  12-3,  C = 24.7  and  F = 6.2 
Fxcavation  = 2/3  x 24.7  = 16.5  cubic  yards 
Fill  - 2/3  x 6.2  = 4.1  cubic  yards. 
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When  triangular  areas  not  100  feet  on  each  side  are  encountered,  the 
volumes  may  be  determined  by  further  reducing  the  tabular  values  in 
proportion  to  the  product  of  the  length  of  the  sides 


Sum  of  cuts  - 0*4 
Sum  of  fills  = 0.2 


Excavation  = 50  x 75  x 2/3  x 24.7  = 6.2  cubic  yards 

100  x 100 


Fill  = 50  x 75  x 2/3  x 6/2  =1.5  cubic  yards 

100  x 100 


The  four-point  method  is  rapid  and  gives  an  accuracy  comparable  to 
the  accuracy  of  the  original  survey. 

The  end -area  method.— The  end-area  method  is  based  on  the  formula 

V - L (A1  * A2) 

54 

Where 

V = Volume  of  cut  (or  fill)  in  cubic  yards. 

L - Distance  between  end  areas  in  feet. 

Area  of  cut  (or  fill)  at  one  end  in  square  feet. 

A^=  Area  of  cut  (or  fill)  at  other  end  in  square  feet. 


The  total  areas  (end  area)  of  cut  and  of  fill  for  each  line  in  one 
direction,  (i.e..  A,  B,  C.  D,  etc.,  or  1,  2,  3,  4,  etc.)  are  computed 
from  the  profile  or  taken  directly  from  the  plan.  Thus,  for  the  field 
shown  in  figure  12-*5* 
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Sq  « Ft* 

Sq.  Ft. 

Cu.  Ft. 

Sq.  Ft. 

Sq.  Ft. 

Cu.  Ft. 

N+25 

288 

34 

25 

576 

14,400 

168 

4,200 

N 

288 

34 

100 

458 

45,800 

207 

20,700 

N 

170 

123 

100 

411 

41,100 

258 

25,800 

L 

2a 

135 

100 

322 

32,200 

352 

35,200 

K 

81 

217 

100 

132 

13,200 

396 

39,600 

J 

51 

179 

100 

136 

13,600 

370 

37,000 

H 

85 

191 

100 

223 

22,300 

231 

23,100 

G 

138 

40 

100 

267 

26,700 

112 

11,200 

F 

129 

72 

100 

288 

28,800 

140 

14,000 

E 

159 

68 

100 

427 

42,700 

68 

6,800 

D 

268 

0 

100 

557 

55,700 

0 

0 

C 

289 

0 

100 

356 

35,600 

57 

5,700 

B 

67 

57 

100 

67 

6,700 

227 

22,700 

A 

0 

170 

50 

0 

0 

340 

17,000 

A-50 

0 

170 

Total 

378.800 

263.000 

Excavation  - 378.800  = 7,015  cubic  yards 
54 

Pill  = 263,i .QQQ  = 4,870  cubic  yards 
54 
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The  horizontal- plane  method. — The  horizontal-plane  method  is  the  end 
area  method  adapted  to  land  areas  instead  of  areas  from  cross  sections. 
It  is  especially  adapted  for  use  when  the  contour-adjustment  method  of 
land  leveling  is  utilized  and  on  fields  where  there  are  heavy  cuts  and 
fills,  It  is  based  on  the  formula 


H (*,_  + A2) 
54 


Where 

V = Volume  of  cut  (or  fill)  between  areas  in  cubic  yards. 

A^=  Area  of  cut  (or  fill)  in  square  feet. 

A^-  Area  of  cut  (or  fill)  in  square  feet. 

H - Difference  between  and  C2  in  feet. 

The  accuracy  of  this  method  is  best  when  values  of  H are  small  - i.  e.; 
0.1  to  0.2  foot.  H values  as  high  as  0.5  foot  are  useful  only  for 
obtaining  approximate  quantities. 


As  shown  on  figure  12-10,  lines  of  equal  cut  and  equal  fill  were  drawn 
on  the  map  and  the  areas  of  each  measured  with  a planimeter.  Areas 
are  expressed  in  square  feet.  The  volume  of  excavation  and  fill  on 
this  field  can  then  be  computed  as  follows? 


Cut 

Ft. 

or  Fill 
H 

Feet 

Area 

Square  Feet 

Sum  Area 

Product 

Volume 
Cu.  Yards 

CUT  ■ . 

0.0 

189, 100 

0.5 

220,000 

110,000 

2,037 

• 5 

30,900 

.5 

33,000 

16,500 

306 

1.0 

2,100 

.5 

2,300 

1,150 

21 

1.5 

200 

.4 

200 

80 

2 

1.9 

0 

Total 

2,366 

FILL 

0.0 

170,900 

.5 

180,400 

90,200 

1,670 

.5 

9,500 

.4 

9,500 

3,800 

70 

.9 

0 

Total 

1.740 

Ratio  cut  to 

fill  = 2,366/1,740  = 1.36 
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The  summation  method. — The  summation  method  assumes  that  a given  cut  or 
fill  on  a stake  represents  an  area  midway  to  the  next  stake  or  on  a 
100-foot  grid,  10,000  square  feet.  On  this  basis  every  foot  of  cut 
would  involve  a volume  of 

1/27  (100  x 100  x 1.0)  = 370  cubic  yards 

This  method  is  the  least  accurate  of  those  shown.  In  those  grid  squares 
where  cut  changes  to  fill,  the  method  gives  values  considerably  greater 
than  the  true  value.  For  that  reason,  it  cannot  be  recommended  for  use 
except  to  obtain  quick  estimates  of  earthwork  balance. 

In  using  this  method,  the  sum  of  all  the  cuts  or  fills  in  feet  is 
determined  and  the  total  multiplied  by  370  to  obtain  the  yardage.  If 
the  "tenths”  of  cut  or  fill  are  added,  the  total  is  multiplied  by  37.0. 
Points  on  the  edge  of  a field  are  discounted  in  proportion  to  the  area 
they  represent.  For  example,  the  K line  on  figure  12-5  could  be  totaled 
as  follows: 

1C  = 0.2  + 0.4  + 0.3  = 0.9 

2LF  = (0.8  x 0.1)  + 0.1  + 0.8  + 0.2  + 0.1  + 0.1  + 0.2  + 

0.2  + 0.2  + 0.2  + (0.8  x 0.1)  = 2.26 

The  volumes  of  earthwork  represented  by  the  area  50  feet  on  either  side 
of  this  line  are: 

Cut  - 0.90  x 370  =33*3  cubic  yards 
Fill  - 2.26  x 370  = 836.2  cubic  yards 

In  the  field  shown  on  figure  12-9  the  total  cuts  in  the  field  added  up 
to  19*4  feet  and  the  fills  to  13*3  feet.  This  would  give  a volume  of 

Cut  = 19*4  x 370  - 7,178  cubic  yards 
Fill  = 13.3  x 370  = 4,921  cubic  yards 

Comparison  of  methods. — To  give  an  idea  of  the  relative  accuracy  of  these 
methods  of  computing  earthwork,  the  field  in  figure  12-11  was  computed 
by  several  methods  with  the  following  results: 


Method 

Cut 

Fill 

C/F 

Prismoidal 

6,732.8 

4,474.7 

1.50 

Four  Point 

6,737.0 

4,477.3 

1.50 

End  Area 

7,015 

4,870 

1.44 

Summation 

7,256 

5,051 

1.44 
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A comparison  was  also  made  for  figure  12-10 • To  obtain  cut  and  fill 
quantities  to  serve  as  a basi*  for  the  four-point  and  summation  methods, 
grid  points  were  established  on  100-foot  intervals*  The  original  and 
proposed  elevation  of  each  grid  point  was  assumed  by  interpolation 
between  the  contour  lines*  The  following  results  were  obtained: 


Method 

Cut 

Fill 

C/F 

Four  Point 

2020 

1252 

1.61 

Horizontal  Plane 

2366 

1740 

1.36 

Summation 

2490 

1702 

1.46 

Earthwork  Balance* 

In  land-leveling  design  it  is  essential  that  sufficient  excavation  be 
provided  to  construct  the  designed  fills*  When  there  is  just  enough 
excavation  to  do  this  and  neither  borrow  nor  waste  is  required,  the 
earthwork  is  said  to  be  in  balance* 


When  a cubic  yard  of  earth  as  measured  in  its  original  condition  is 
loosened  by  excavation,  its  volume  increases.  This  increase  is  known 
as  11  swell".  When  this  same  earth  is  placed  in  a fill  and  compacted, 
its  Volume  decreases.  The  decrease  as  referred  to  the  original  volume 
is  known  as  "shrinkage".  Different  soil  materials  have  different  proper- 
ties in  this  regard.  Some  of  the  reasons  which  have  been  advanced  by 
various  engineers  for  the  apparent  high  shrinkage  factor  required  for 
land  leveling  are: 


1.  The  bulk  of  materials  moved  in  land  leveling  are  top  soils 
with  a high  organic  content  and  relatively  low  original 
volume  weight. 

2.  The  cut  areas  in  the  field  are  subjected  to  considerable 
compaction  by  the  earth-moving  equipment.  Hence  the  yield 
from  an  area  of  cut  is  less  than  that  calculated. 

3.  In  California  Agricultural  Experiment  Station  Circular  438, 
Mr.  James  C.  Marr  states:  "...  level  ground  surfaces 
between  grade  stakes  appear  to  dip  in  the  middle.  To  the 
extent  that  operators  of  the  grading  equipment  allow  this 
optical  illusion  to  influence  their  judgment,  crowning 
between  grade  stakes  will  occur". 

Shrinkage  of  soil  is  variously  expressed.  For  example,  if  one  cubic 
yard  of  excavation  of  common  earth  will  make  0.80  cubic  yard  of  fill, 
it  may  be  stated: 


Cut 

Fill 


Ratio  = C/F  = 1.0/0.80  = 1.25 


or 


or 


Shrinkage  factor  = 1,0  - 0.80  - q or  25  percent 

0.80 

% Cut  to  % fill  = to  = 0.55  to  0.45  = 55 % to  455 % 
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Perhaps  the  most  common  approach  in  balancing  earthwork  is  to  vary  the 
volumes  of  excavation  and  fill  until  the  C/F  ratio  approaches  a value 
believed  to  be  valid  for  the  conditions  encountered.  Experience  in  an 
area  usually  furnishes  the  background  for  selecting  a value  which  proves 
satisfactory.  Shrinkage  factors  usually  vary  from  10  percent  for 
heavy  leveling  on  firm  field  surfaces  to  as  high  as  100  percent  for 
leveling  with  very  shallow  cuts  and  fills.  Generally,  the  factor 
will  be  between  15  and  60  percent. 

It  is  quite  difficult  to  obtain  more  earth  from  an  area  which  has 
been  left  a few  hundredths  high,  but  it  is  relatively  simple  to  spread 
excess  dirt  and  not  exceed  construction  tolerances.  For  this  reason, 
most  equipment  operators  would  prefer  that  the  design  shrinkage 
factor  be  somewhat  high.  On  the  other  hand,  the  use  of  a high  factor 
by  the  designer  results  in  a higher  computed  yardage  of  excavation, 
and  if  the  leveling  is  done  on  a unit^rice  basis,  will  result  in  a 
higher  cost  to  the  landowner. 

When  the  plane  method  of  leveling  is  used,  it  is  convenient  to  assume 
that  the  whole  field  surface  will  be  lowered  by  a certain  amount  by 
the  compaction  from  the  earth-moving  equipment.  This  lowering  can 
range  from  as  little  as  0.02  or  0.03  foot  for  very  compact  soils  to 
as  high  as  0.10  foot  for  very  loose  soils.  In  the  example  in 
figure  12. 5>  lowering  the  plane  0.04  foot  provided  a C/F  ratio  of 
about  1.5*  Lowering  an  additional  hundredth  would  raise  the  C/F  ratio 
to  about  1.7  and  raising  it  a hundredth  would  give  a C/F  ratio  of 
about  1.3«  With  experience  in  an  area,  the  amount  that  the  plane 
needs  to  be  lowered  can  be  estimated  as  accurately  as  the  C/F  ratio 
required,  and  often,  calculations  to  determine  the  earthwork  volumes 
are  omitted. 

Coii  st  ruction 

General. 

Cut  and  fill  stakes  for  construction  purposes  must  be  established  to 
guide  the  equipment  operator.  When  a grid-tyne  survey  exists,  mark 
the  cuts  or  fills  directly  on  the  original  erid  stakes.  When  the  con- 
tour-adjustment method  of  design  is  used,  set  stakes  as  described  in 
the  description  of  the  method  and  mark  with  the  required  cut  or  fill. 

Equipment. 

Most  leveling  is  accomplished  with  tractor-drawn  loading  type  scraper 
equipment.  Tractors  used  are  both  crawler  or  rubber-tired  wheel  type 
and  vary  in  size  from  small  farm  tractors  to  the  largest  heavy  con- 
struction units.  The  variety  of  scrapers  used  is  equally  great  since 
they  must  be  chosen  to  match  the  power  unit.  Some  of  the  points  to 
consider  in  deciding  how  to  do  the  job  are  as  follows: 


1,  The  time  allowed  to  accomplish  the  work 

Land  leveling  must  fit  somewhere  into  the  cropping  sequence,  and 
often  the  number  of  days  that  a field  is  open  for  such  work  is  limited. 

Where  the  period  is  long,  small  equipment  may  be  used,  but  when  time  is 
pressing,  it  is  wise  to  select  large  earth-moving  equipment  that  can  do 
the  job  in  a hurry.  It  is  important  that  the  time  to  do  the  work  is  not 
underestimated • 

2,  The  skill  of  the  operator 

If  the  equipment  operator  has  not  had  experience  in  land-leveling 
work,  it  probably  is  advantageous  to  utilize  small  equipment.  The  slow 
rate  of  construction  progress  allows  him  more  time  to  size  up  his  work 
and  make  decisions.  Land  leveling  is  essentially  a M finish  grading” 
operation,  and  many  operators  with  considerable  experience  in  rough 
grading  sire  not  trained  to  work  to  the  close  tolerances  necessary, 

3#  The  haul  distance 

When  the  earth  Is  to  be  moved  over  a considerable  distance,  the 
time  in  moving  becomes  an  important  segment  of  the  cycle  time.  For 
long  hauls,  rubber-tired  units  usually  will  be  best.  When  this  equipment  4 
is  used,  it  must  have  adequate  power  to  load  the  scraper  or  be  supple- 
mented with  pusher  equipment. 

On  occasional  jobs,  the  use  of  blade  graders  or  auto  patrols  will  be 
found  useful.  This  is  especially  true  for  work  in  bench  leveling  where 
ridges  are  to  be  thrown  up.  They  are  sometimes  used  for  leveling  the 
benches  themselves  but  if  the  benches  are  wide  enough  that  tractor  and 
scraper  units  can  maneuver,  the  latter  will  usually  be  the  most  efficient. 

Construction  Procedure. 

There  are  probably  as  many  methods  of  approaching  a land-leveling  job 
as  there  are  equipment  operators  and  the  following  procedure  is  suggested 
as  an  example  of  how  a job  might  be  done; 

A map  similar  to  that  shown  in  figure  12.11  is  convenient  for  studying 
the  best  approach.  The  north  side  of  the  area  might  be  considered  as  a 
logical  starting  point.  To  keep  the  haul  distance  to  a minimum,  it  is 
important  to  construct  the  fills  from  the  nearest  excavation  available. 
Excavation  north  of  the  M line  could  first  be  worked  out  by  moving  the 
dirt  from  th&  West  edge  of  the  cut  area  into  the  adjacent  fill  area 
until  it  was  complete  and  then  by  moving  the  balance  of  the  cut  south  into 
the  fill  area  between  the  K-L  and  7-14  lines.  As  the  excavation  between 
the  M-N  lines  was  complete,  the  L-M  area  of  cut  could  be  opened  and  the 
fills  in  the  L-M  lane  completed.  Work  progresses  to  the  south  completing 
each  lane  of  cut  before  moving  out.  The  fill  areas  can  also  be  progressive-^ 
-S-y  finished  toward  the  south  side.  Since  the  earthwork  balances,  the 
last  of  the  earth  from  the  B-C-D  lanes  will  be  required  to  complete  the 
fills  in  the  A-B-C  lanes. 
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Figure  12—11#——  Const- ruction  map  for  land  leveling,. 


Some  engineers  prefer  to  make  a detailed  study  of  construction  map 
and  prepare  balance  areas  in  which  there  is  just  sufficient  excavation 
to  make  the  required  fill.  In  figure  12-11,  the  field  has  been  sub- 
divided into  four  areas  in  which  the  earthwork  balances.  These  can 
be  further  broken  down  into  additional  areas  if  one  so  desires.  Each 
balance  area  is  leveled  as  a unit  insuring  short-haul  distances. 

In  performing  these  operations,  do  not  disturb  the  grid  stakes.  In 
opening  a lane,  many  operators  prefer  to  first  cut  and  fill  a strip 
one  scraper  width  wide  adjacent  to  the  stake  line.  After  this  is 
brought  to  the  design  elevation,  work  begins  on  the  intermediate  area. 
With  this  method  it  is  easier  to  carry  the  grade  by  eye  laterally 
across  the  lane.  By  working  at  a slight  diagonal,  the  areas  between 
stakes  can  be  almost  completely  worked  out  until  there  remains  only 
small  "islands”  around  each  grid  stake.  These  are  allowed  to  remain 
until  the  field  has  been  checked. 

When  fills  more  than  0.5  foot  are  encountered,  build  them  in  layers 
not  over  6 inches  in  depth  to  avoid  excessive  settling.  In  some 
areas  it  is  common  practice  to  provide  extra  fill  height  of  approxi- 
mately 10  percent  to  compensate  for  settlement. 

When  ridges  are  to  be  built  as  on  the  edges  of  contour  benches,  the 
volume  of  earth  for  the  ridge  should  be  available  within  a blade 
width  of  its  finished  location.  Accomplish  this  by  placing  a small 
overfill  on  the  edge  of  the  bench.  This  extra  fill  should  be  one 
scraper  width  wide  and  one  to  three-tenths  high  depending  upon  the 
cross-sectional  area  of  the  dike.  The  blade  can  then  crowd  it  into 
position.  Another  method  is  to  leave  a vertical  bank  between  benches 
which  is  later  sloped  by  throwing  the  dirt  uphill  and  forming  the  dike  • 

Preservation  of  Topsoil. 

Under  some  soil  conditions  it  may  be  specified  that  the  topsoil  from  an 
area  must  be  stockpiled,  the  cuts  overexcavated,  and  the  topsoil  replaced. 
The  fill  areas,  too,  must  be  stripped,  the  fills  partly  made  with  the 
materials  available,  and  the  topsoil  replaced.  Since  this  involves 
moving  some  earth  twice,  it  is  an  expensive  procedure  and  should  be 
carefully  justified. 

When  this  operation  is  essential,  first  stockpile  the  topsoil  from  one 
lane  on  an  area  requiring  little  cut  or  fill.  The  cuts  and  fills  in 
this  lane  should  then  be  completed  and  the  topsoil  from  the  adjacent 
lane  stripped  and  used  for  dressing  the  surface  of  the  first  lane. 

Then  progressively  across  the  field,  move  the  topsoil  to  the  adjacent 
lane  as  the  leveling  is  completed  until  the  last  lane  is  dressed  with 
the  topsoil  stockpiled  from  the  first  lane. 
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The  "strip  cut”  method  of  land  leveling  is  a modification  which  par- 
tially preserves  the  topsoil*  This  is  described  by  M*  E.  Hoffman, 
United  States  Bureau  of  Reclamation  of  Minot,  North  Dakota. 

"The  top  six  inches,  or  the  plow  depth,  of  soil  normally  contains 
most  of  the  stubble  residue,  plant  roots  and  humus  materials. 
Difficulties  in  traction,  loading  and  unloading  operations  are 
frequently  encountered  with  this  type  of  soil. 

These  difficulties  can  be  partially  remedied  by  excavating  alter- 
nate strips  at  double  the  designed  cut  depths  thus  facilitating 
capacity  loading  over  shorter  reaches. 

The  * strip  excavated  soils*  consist  of  a mixture  of  topsoil  and 
the  more  compact  subsoil  which  can  be  unloaded  more  uniformly  and 
leveled  more  readily. 

Leveling  of  the  remaining  alternate  strips  can  be  partially 
accomplished  by  routing  empty  scrapers  over  the  edges  of  the  cut 
banks.  The  balance  of  the  leveling  can  be  accomplished  by 
diagonal  operation  of  either  a bulldozer  or  scrapers  with  the 
crowd  gate  in  forward  position." 


Construction  Tolerance. 

Normally  earthwork  operations  have  a permissible  tolerance  of  - o.l  foot. 
On  flat  slopes,  however,  it  is  usually  necessary  to  make  an  additional 
restriction  prohibiting  reverse  grades  in  the  direction  of  irrigation. 
Normally  it  is  impractical  to  accomplish  a high  finish  with  scraper 
equipment,  and  where  possible  the  use  of  large  land  floats  or  planes 
are  recommended  to  eliminate  minor  irregularities.  The  scraper  work 
should  be  accomplished  to  the  degree  that  two  trips  over  with  the  float 
equipment  will  produce  the  desired  finished  surface. 

ghecftiPE* 

The  final  check  must  be  made  before  the  grid  stakes  are  removed.  On 
slopes  exceeding  1 percent,  it  usually  is  adequate  to  check  the  cuts 
and  fills  at  each  stake  with  a hand  level.  On  flatter  slopes,  use  a 
level  and  ascertain  elevations  adjacent  to  each  point.  Grade  between 
stakes  must  be  uniform.  Mark  for  correction  the  nonpermissible  devia- 
tions from  the  prescribed  grade. 

When  the  field  has  been  approved,  the  mounds  and  depressions  left  at 
the  grid  stakes  are  leveled  to  match  the  adjacent  surface. 
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Finishing. 

After  the  earth  moving  has  been  completed,  it  is  advisable  to  plane 
the  surface  to  remove  minor  irregularities.  This  is  usually  done 
by  planing  first  at  a 45-degree  angle  to  the  gridlines  and  again 
at  right  angles  to  the  first  operation. 

Although  a field  may  be  leveled  perfectly,  sometimes  after  irri- 
gation water  is  applied  areas  will  settle  unequally.  Where  deep 
furrow  crops  are  grown,  it  may  be  advisable  to  irrigate  by  the  furrow 
method  for  a year  following  leveling  and  delay  the  planing  until 
after  the  initial  settlement  has  taken  place.  Perennial  crops  should 
not  be  planted  until  settlement  has  taken  place  and  corrections  made. 

Maintenance . 

A leveled  field  requires  maintenance  to  preserve  its  surface.  Erosion 
from  wind  or  water  or  improper  use  of  farm  plows  and  tillage  equipment 
can  seriously  change  its  irrigating  characteristics.  Farm  equipment 
such  as  two-way  plows  and  tandem  disks  will  eliminate  dead  furrows 
and  ridges  and  so  should  be  used.  Smoothing  with  small  farm  floats 
should  be  frequently  done.  This  practice  should  be  regarded  as  a 
cultural  practice — not  a releveling  operation. 

Special  Practices 


Contour -Bench  Leveling. 

Contour-bench  leveling  is  a method  of  preparing  land  for  irrigation. 
The  field  is  divided  into  a series  of  strips  on  the  approximate 
contour,  and  each  strip  is  leveled  as  an  independent  area.  Thus  a 
series  of  steps  is  formed  down  the  slope.  Tt  provides  a method 
of  reducing  grade  on  a field  where  excessive  slope  makes  irrigation 
difficult  or  hazardous. 

The  advantages  of  contour-bench  leveling  are: 

1.  Irrigation  water  is  easily  controlled  on  the  flat  slopes, 
efficient  irrigation  methods  can  be  used,  and  water-appli- 
cation efficiencies  can  be  high. 

2.  Erosion  from  rainfall  can  be  controlled.  This  permits  soil- 
building processes  that  result  in  increased  fertility  and 
improved  soil  structure. 

3.  Since  large  stream  sizes  can  be  used  and  lengths  of  run  can 
be  comparatively  long,  labor  in  irrigating  is  lowered. 

4.  The  flat  slopes  permit  a more  efficient  use  of  both  irri- 
gation water  and  rainfall  thereby  reducing  the  quantity  of 
irrigation  water  needed  to  meet  plant  requirements. 
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Disadvantages  are: 

1.  Because  the  escarpment  area  between  benches  is  too  steep  to 
farm,  some  area  is  lost  to  the  production  of  the  field  crop. 
These  areas  can  be  seeded  to  perennial  crops. 

2.  When  the  vertical  drop  between  benches  is  over  18  inches, 
rodent  control  may  be  necessary  to  prevent  washouts  between 
benches  • 

3.  The  escarpment  areas  between  benches  present  problems  in 
maintenance  and  best  utilization. 

4.  Waste  irrigation  water  and  runoff  from  rain  accumulates  high 
on  the  slope  and  must  be  conveyed  to  the  lower  edge  of  the 
farm. 

Bench  cross  sections. — Selecting  the  proper  cross  section  for  contour 
benches  is  one  of  the  most  important  phases  of  the  planning.  Figure 
12.12  gives  the  shape  normally  used. 

Determine  first  dimension  W,  the  width  of  the  farmable  area.  This  width 
should  be  such  that  it  will  fit  the  farm  equipment  to  be  used.  The 
least  flexibility  in  farming  is  normally  present  with  row  crops  and  the 
width,  W,  should  be  in  multiples  of  the  width  of  the  widest  equipment 
anticipated.  Unless  farm  roads  are  to  be  established  at  both  ends  of 
the  benches,  the  width  should  be  sufficient  to  allow  round  trips  so 
that  at  the  end  of  a tillage  operation,  the  equipment  is  in  position  to 
move  to  an  adjacent  bench.  The  engineer  should  consider  both  the  present 
and  possible  future  farm  equipment  to  be  used  in  determining  farmable 
width. 

The  relationship  between  W,  T,  and  H may  be  expressed 


T - Overall  bench  width  in  feet* 

W = Width  of  farmable  strip  in  feet. 

B = Top  width  of  dike  in  feet, 
h = Height  of  dike  in  feet. 

H = Vertical  interval  between  benches  in  feet. 
% = Side  slope  of  dike. 

s = Slope  of  land  in  feet  per  foot. 


T = (W  + B + 2h2) 


and 


H = sT 


where 


RATIO  V/T  (PERCENT)  EXCAVATION  (CU. YD. /AC.) 
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Figure  12-12 


-Contour- bench  relationships 
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Another  important  consideration  in  selecting  the  bench  spacing,  T,  is 
the  area  of  land  that  will  be  utilized  for  the  dike  and  escarpment 
areas.  Depending  upon  crop  and  climate,  this  area  may  be  nonproductive 
or  of  limited  use.  The  relationship  between  the  bench  spacing,  T,  and 
the  ratio  V/T  is  shown  on  figure  12-12  for  a typical  aiice  cross  section. 
Note  that  as  the  spacing,  T,  increases,  the  ratio  V/T  or  the  percent 
of  land  removed  from  production  becomes  less.  Also  note  that  as  T 
increases,  the  volume  of  excavation  required  increases.  The  designer 
must  select  a spacing,  T,  which  is  a compromise  between  these  two 
relationships . 

The  vertical  interval  between  adjacent  benches,  H,  must  also  be  con- 
sidered. On  a given  slope,  as  T or  W increases,  H also  increases. 

As  this  dimension  increases  more  than  1 foot,  problems  in  maintaining 
the  escarpment  area  increase  rapidly.  It'  only  rare  instances  should 
H exceed  2 feet. 

The  height  of  the  dike,  h,  should  be  sufficient  to  safely  contain  both 
the  normal  irrigation  stream  and  storm  runoff.  Compute  the  depth  of 
flows  and  provide  a minimum  freeboard  of  0.2  foot  above  the  maximum 
stage.  On  sandy  soils  or  for  pasture  areas,  increase  the  freeboard 
to  0.5  foot. 

The  side  slopes,  £,  should  be  selected  with  an  eye  to  stability* 

2 to  1 or  3 to  1 slopes  are  usual,  but  when  stones  are  present  in 
a field,  the  stones  are  often  moved  to  the  escarpment  area  and 
support  a steeper  slope. 

The  top  width  of  the  dike  should  be  sufficient  to  prevent  lowering  of 
its  height  by  trampling  or  by  farm  machinery.  Usually  the  dimension  B 
should  be  about  equal  to  H,  the  drop  between  benches. 

Bench  location.— —The  location  of  the  contour  benches  may  be  regarded 
as  a part  of  the  basic  farm  planning  in  which  the  field  boundaries,  irri- 
gation water-supply  system,  drains,  and  field  roads  are  located.  For 
leveling,  each  bench  is  regarded  as  a separate  field. 

Since  the  earthwork  involved  is  oftentimes  great,  lay  out  the  benches 
to  conform  as  closely  to  the  original  topography  as  farming  operations 
and  other  considerations  will  permit.  To  make  this  layout,  an  accurate 
topographic  map  of  the  area  under  consideration  is  essential.  It  is 
necessary  that  this  map  have  permanent  points  of  reference  for  horizontal 
control  located  in  the  field  since  the  benches  will  later  need  to  be 
marked  out  using  horizontal  methods. 
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The  need  for  a topographic  map  is  lessened  on  flat,  smooth  slopes, 
and  sometimes  the  bench  location  can  be  determined  by  inspection*  It 
should  be  recognized,  however,  that  the  cost  of  a good  topographic  map 
is  usually  less  than  the  cost  of  moving  15  cubic  yards  of  earth  per  acre, 
and  savings  in  earth  volumes  greatly  in  excess  of  this  amount  often 
result  from  intelligent  use  of  a good  map. 

First  separate  the  area  to  be  developed  into  key  area^,  each  having 
fairly  uniform  topographic  features.  In  the  field  shown  in  figure  12*13, 
one  key  area  might  be  considered  to  be  the  area  between  the  91  and  95 
contours.  Another  is  between  the  88  and  90  contours. 

Location  of  guidelines. — Guidelines  should  then  be  located  which  repre- 
sent an  average  condition  of  each  key  area.  This  can  be  done  by  locating 
a line  that  represents  the  average  shape  of  the  contour  lines  and  then 
computing  the  location  of  the  guideline  to  the  grade  desired  by  offsets 
from  the  line  representing  the  average  of  the  contours. 

In  figure  12-13  random  lines  a,  b,  c,  d,  e,  f,  g,  and  h Were  drawn  and 
the  distance  from  a reference  line  to  each  contour  within  a key  area 
was  measured.  The  north  fence  line  was  arbitrarily  picked  to  be  the 
reference  line.  These  measurements  scaled  as  follows: 


Random  line 

Contour 

a 

b . 

c 

d 

e 

f 

£ 

h 

95 

215 

180 

100 

40 

13 

10 

20 

63 

94 

270 

250 

180 

85 

53 

65 

90 

145 

93 

345 

315 

245 

173 

117 

120 

143 

195 

92 

413 

378 

320 

260 

205 

183 

185 

242 

91 

472 

450 

403 

345 

300 

265 

260 

280 

Average 

343 

315 

250 

181 

138 

129 

140 

185 

90 

425 

390 

355 

330 

330 

89 

495 

463 

433 

413 

413 

88 

635 

550 

505 

475 

475 

Average 

518 

468 

431 

406 

406 

The  average  #of  the  scaled  distances  as  shown  above  represent  the  distance 
from  the  reference  line  to  the  average  of  the  contours,  and  these  latter 
lines  can  be  plotted  on  the  map. 
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Figure  12-13 Establishing  guidelines  for  contour-bench 
leveling  from  contour  map. 
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The  average  slope  along  the  random  lines  in  each  key  area  should  then 
he  computed.  Usually  it  is  sufficiently  accurate  to  determine  this  slope 
from  the  bottom  edge  to  the  top  edge  of  the  key  area.  The  average  slope 
is  calculated  by  dividing  the  difference  in  elevation  by  the  difference 
in  distances  from  the  reference  line.  For  the  field  in  figure  12-13 
this  becomes 


Random  line 

Contour 

a 

b 

c 

c( 

e 

f 

g 

h 

95 

215 

180 

100 

40 

13 

10 

20 

63 

91 

472 

450 

403 

345 

300 

265 

260 

280 

Percent  slope 

1.56  1.48  1.32 

1.31 

1.39 

1.57 

1.67 

1.84 

90 

425 

390 

355 

330 

330 

88 

635 

550 

505 

475 

475 

Percent  slope 

0.95 

1.25 

1.33 

1.38 

1.38 

Knowing  the  location  of  the  line  representing  the  average  of  the  contours 
and  the  slope  of  the  land,  it  is  possible  to  determine  the  horizontal  ad- 
justment necessary  to  represent  a guideline  for  any  desired  grade.  For 
the  problem  in  figure  12-13  it  was  desired  that  the  benches  should  have  a 
slope  of  0.002.  The  following  computations  were  made  to  determine  the 
necessary  horizontal  adjustments  assuming  a grade  first  in  one  direction 


and  then  in  the  other. 

contours’ 


Random  line 

a 

b 

c 

Avg.  slope  percent 

1.56 

1.48 

1.32 

Station 

0+00 

1+20 

2+30 

Fall 

0 

0.24 

O.46 

Adjustment 

0 

16* 

35 

Station 

7+30 

6+10 

4+80 

Fall 

1.46 

1.22 

0.96 

Adjustment 

94* 

82* 

73 

VT~arid~V5~~' 


d 

e 

f 

g 

h 

1.31 

1.39 

1.57 

1.67 

1.84 

3+30 

4+20 

5+00 

5+80 

6+95 

0.66 

0.84 

1.00 

1.16 

1.39 

50' 

60' 

64* 

69' 

76 

3+70 

2+80 

1+90 

1+10 

0 

0.74 

0.58 

0.38 

0.22 

0 

56' 

42' 

28' 

13* 

0 
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Between  contours  88  and  ^0 


Random  line  a 

b 

c 

d 

e 

f 

g 

h 

Slope  percent 

0.95 

1.25 

1.33 

1.38 

1.38 

Station 

0*00 

0*90 

1+80 

2+60 

3+60 

Fall 

0 

0 .18 

0.36 

0.52 

0.72 

Adjustment 

0 

14' 

27' 

38' 

52 

Station 

3+80 

2+70 

1+80 

1+00 

0 

Fall 

0.76 

0.54 

O.36 

0.20 

0 

Adjustment 

80* 

43' 

27' 

14' 

0* 

An  example  of  this  calculation  can  be  shown  for  the  guideline  falling 
to  the  east  on  the  upper  key  area.  Station  0*00  was  considered  to  be 
at  the  intersection  of  the  average  to  the  contour  line  and  random  line 
a.  By  scaling,  it  was  estimated  that  the  stationing  at  the  point  where 
the  guideline  would  cross  random  line  b would  be  1+20.  Since  the  grade 
in  the  bench  is  to  be  0.002,  station  1+20  would  be  0.24  foot  below  the 
average  to  the  contour  line.  On  line  b,  the  average  slope  is  1.48 
percent  and  the  necessary  adjustment  (or  the  distance  from  the  average 
to  the  contour  line  and  the  guideline)  is 


Q-24  x_JLQP  - l6  feet 

1.48 


A point  was  then  located  16  feet  south  of  the  average  to  the  contour 
line  and  the  stationing  at  that  point  checked  against  the  original 
estimate.  Since  it  was  very  nearly  station  1+20,  no  further  refine- 
ment was  necessary.  Similarly,  points  were  found  on  random  line  b, 
c,  d,  etc.  and  the  guidelines  plotted. 

Guidelines  can  also  be  located  from  a grid- type  survey.  This  can 
best  be  described  through  the  use  of  an  example,  figure  12-14.  The 
elevations  of  each  grid  line  approximately  normal  to  the  contour  lines 
are  first  added  and  an  average  elevation  for  each  line  determined. 
Thus,  on  line  3,  the  sum  of  the  elevations  is 

75.0  + 73.4  + 71.8  + 70.4  = 290.6 
The  average  elevation  is 

- 72,65 
4 
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2 3 4 5 6 


SUM  OF 
ELEVATIONS 

222.5 

2 21.1 

2 9 0.6 

290.7 

292.1 

294.2 

AVERAGE 

ELEVATION 

74.17 

73.70 

72.65 

72.68 

73.03 

73.55 

PERCENT 

GRADE 

S .95 

1.85 

1.53 

1.43 

S.50 

1.53 

STATION 

GUIDELINE 

0 + 00 

1 + 00 

2 + 05 

3 + 05 

4+08 

5 + 10 

ELEVATION 

74. S7 

73.97 

73.76 

73.56 

73.35 

73.15 

ADJUSTMENT 

0 

+ 15 

+ 73 

+ 62 

+ 21 

”26 

Figure  12 -lU .--Establishing  guidelines  for  contour- bench 

leveling  from  grid  wap. 
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The  average  grade  on  each  gridline  is  also  determined.  This  usually 
can  be  done  by  subtracting  the  elevation  on  the  lower  edge  of  the 
field  from  the  elevation  on  the  upper  edge  and  dividing  by  the  distance 
(in  stations)  that  the  points  are  separated.  For  line  3 , this  becomes 

Percent  grade  - ?5aQ-t  1 Q*4  - 1.53  percent 

3 

The  average  elevations  are  considered  to  lie  on  the  midpoint  of  each 
grid  line.  Hence,  on  lines  1 and  2,  the  midpoint,  is  on  line  Cj  but 
for  lines  3,  4,  5,  and  6,  the  midpoint  is  at  B+50. 

Calculations  are  then  made  to  determine  the  adjustment  from  these  mid- 
points. Starting  at  the  midpoint  on  line  1 with  an  average  elevation 
of  74*17  and  assuming  the  grade  of  the  guideline  is  0.002,  it  is 
estimated  that  the  point  on  line  2 will  be  approximately  at  station 
1+00,  and  the  desired  elevation  on  line  2 is  about  0.2  foot  lower  or 
73*97.  Since  the  average  elevation  of  line  2 is  73*70,  the  desired 
point  lies  above  the  midpoint  a vertical  distance  of 

73*97  - 73*70  = 0.27  foot 

Since  the  slope  is  1.85  percent,  the  adjustment  to  be  made  is 

0.27  x 100  = 

1.85  5 

A point  15  feet  above  the  midpoint  was  located,  and  the  distance  from 
the  midpoint  on  line  1 was  scaled.  Since  it  is  very  nearly  the 
estimated  100  feet,  the  point  is  satisfactorily  located. 

A similar  calculation  is  made  on  line  3,  then  line  4>  and  progressively 
the  horizontal  position  of  the  guideline  is  plotted. 

Planning  benches. — With  the  guidelines  located,  the  engineer  can  then 
plan  the  bench  location  on  the  map  as  shown  in  figure  ]2-.1 5^  The 
closer  the  guidelines  are  followed,  the  less  will  be  the  earthwork 
required  but  compromises  need  to  be  made  to  eliminate  point  rows  and 
conditions  which  will  make  farming  difficult.  In  planning  benches, 
the  following  points  should  be  noted: 


1.  Avoid  sharp  bends.  Normally  tillage  difficulties  will  be 

experienced  if  a deflection  in  aJinement  is  over  45°  sharper  deflec- 
tions can  usually  be  broken  into  two  segments. 
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SECTION  A-A 


Figure  12-15  «■— Contour-bench  leveling  layout. 
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2.  Normally  benches  should  continue  completely  across  the  field. 
When  it  is  necessary  to  terminate  a bench  in  the  middle  of  the 
area,  remember  to  provide  for  an  increase  in  the  width  of  the 
dike  and  escarpment  area  for  the  adjacent  benches  bevonrf 

that  point.  An  example  of  this  is  shown  in  figure  12-16 
where  this  dimension  was  increased  from  6 feet  to  o feet  to 
take  care  of  the  increased  vertical  interval 

3.  Avoid  pointed  areas  that  are  difficult  to  construct  and 
maintain.  Where  one  dike  intersects  another,  make  the  angle 
of  intersection  about  90°  in  the  manner  shown  on  figure  12-14. 

4.  The  bench  spacing,  T,  should  be  changed  whenever  the  average 
downfield  slope  at  the  location  of  the  bench  varies  more 
than  (l/2)  percent  from  the  slope  used  to  calculate  T.  This 
insures  the  width  of  the  bench,  W,  will  be  within  1+  foot 
from  the  intended  dimension. 

Staking. — The  bench  layout  as  planned  on  the  contour  or  grid  map  must 
be  transferred  to  the  field.  Usually  one  or  two  bench  boundary  lines 
are  selected  as  controls  and  these  are  located  on  the  ground  by  hori- 
zontal measurements  from  the  points  of  reference  for  horizontal  control 
established  when  the  map  was  made.  If  a grid  survey  was  used  for 
planning,  the  bench  boundaries  may  be  established  by  measurement  from 
existing  grid  stakes. 

In  figure  12-17  the  lines  F and  J were  selected.  Line  J was  located 
in  the  field  by  first  locating  the  ends  of  the  east  and  west  sides  of 
the  field.  On  the  west,  point  (J)  (0)  was  located  100  feet  north  of 
the  fence  comer.  Point  (J)  (6+30)  was  located  20  feet  west  and  236 
feet  north  of  the  southeast  fence  comer.  One  point  of  intersection 
was  located  by  measuring  175  feet  from  point  (J)  (0)  toward  point  (J) 
(6+30),  turning  a right  angle  and  thence  measuring  20  feet  to  the  right. 
The  other  point  of  intersection  was  similarly  located.  All  measurements 
were  determined  by  scaling  from  the  topog  map. 

Similarly,  line  F was  located  and  the  ends  of  lines  1,  2,  3,  etc.,  were 
located  along  the  north  and  south  fence  lines.  The  balance  of  the 
stakes  were  set  by  line  and  measurement  as  shown.  The  distance  between 
the  stakes  on  the  numbered  lines  was  calculated  by  the  formula 

Distance  = bench  spacing.  T 
sine  of  angle 

For  example,  on  the  2 line,  figure  12-17  9 the  bench  width,  T,  was 
59.0  feet  and  the  angle  was  64°  30  feet.  Therefore,  the  distance  along 
the  2 line  was 


Distance  = 59.0- - 59.0  - 65.3  feet 

Sine  64°  30  1 0.903 


h2FT-i 


<► 


Figure  12-X6*— Contour-bench  details 
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O ELEVATION  STAKE  ° 

© LINE  STAKE  Scale 


STAKED  LINE 


ORIGINAL  GROUND  — ""WFSZZmzm 

TYPICAL  SECTION 


Figure  12-17  »— Staking  c onL our—benches  — n\f*th od  1* 


After  all  stakes  are  set,  elevation  shots  are  taken  for  land-leveling 
design  purposes.  After  the  cuts  and  fills  are  computed,  stakes  are 
marked  with  a fill  on  one  side  for  the  area  above  and  a cut  on  the 
other  for  the  lower  bench. 

An  alternate  method  of  staking  the  field  is  shown  in  figure  12-18 
The  control  lines  are  located  as  previously  shown,  and  then  the 
farmer  uses  row-marking  equipment  to  carry  parallel  lines  in  both 
directions  from  the  control  lines  to  the  adjacent  bench  boundaries. 
The  farmer  builds  a small  earth-marking  ridge  at  each  bench  boundary 
using  a border  disk,  single  bottom  plow,  or  similar  equipment. 

Stakes  are  then  set  on  undisturbed  ground  on  each  side  of  the  bench 
every  hundred  feet  as  measured  along  the  centerline.  For  identifi- 
cation purposes,  each  bench  is  lettered,  and  the  stakes  are  located 
by  station  and  marked  right  or  left,  i.e.,  3*00  L,  or  3400  R.  No 
stake  refers  to  more  than  one  bench.  While  this  method  requires 
twice  as  many  stakes  as  the  one  previously  described,  it  is  simpler, 
easier  to  stake,  and  each  stake  needs  only  one  cut  or  fill  marking. 
Difficulty  may  be  experienced,  however,  in  making  accurate  earth- 
volume  calculations  when  this  method  is  used. 

Computing  cuts  and  fills. — For  purposes  of  leveling,  each  bench  is 
regarded  as  a separate  field.  The  plane  method  of  land-leveling 
design  is  used  with  the  single  modification  that  the  midpoint  on 
the  centerline  is  substituted  for  the  centroid. 


Figure  12-19  is  an  example  of  the  calculations  for  one  of  the  benches 
previously  shown  on  figure  12-17.  The  average  elevation  of  the  bench 
was  computed  to  be  90.46.  The  plane  was  then  lowered  0.05  foot  to 
provide  the  proper  ratio  between  cut  and  fill. 


The  plane  was  further  lowered  sufficiently  to  provide  earth  for 
construction  of  the  dike.  This  adjustment  can  be  computed  as 
follows : 


Cross-sectional  area  of  dike  = 


Top  width  x Base  width  x Height 


2 .feet  t 4 £eet_  v 0.5  foot  = 1.5  square  feet 
2 


Assuming  that  it  will  require  50  percent  more  excavation  to  provide 
fill  for  the  dike, 

Cross-sectional  area  of  excavation  required  — 1.5  x 1.5  square  feet 
=2.25  square  feet 
Bench  spacing,  T,  = 59.0  feet 

Adjustment  c Gross-sectional  area  required  = 2.25  s 0.04  feet 

Bench  spacing  59.0 
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Figure  12-18,— Staking  contour  benches--method  2, 
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CD 

00 
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AVERAGE  ELEVATION  ON  H LINE  = 
LINE  0 TO  6 = = 

AVERAGE  ELEVATION  ON  I LINE 
LINE  0 TO  6 


91.5+  91.3  + 91.1  + 90.9+90.7  +90.5  + 90.2 
7 

90.89 

90.4  + 90.3+90.1  +90.1+90.1+89.7+89.4 


90.02 


AVERAGE  ELEVATION  AT  MIDPOINT  = -^-(90.89  + 90.02)  = 90.46 

LESS  ADJUSTMENT  FOR  SHRINKAGE  -0.05 

LESS  ADJUSTMENT  FOR  RIDGE  -0.04 

DESIGN  ELEVATION  (LINE  3) 


90.37  (90.4) 


» 


Figure  X2-I9o~— Leveling  calculations  for  contour  benches* 
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The  design  elevation  at  the  midpoint  was  computed  and  by  applying  the 
desired  grade  (0*002)  from  that  point,  the  design  elevations  at  all 
other  points  were  calculated* 
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